Department of Transportation TSO-C77a

Federal Aviation Administration
Office of Airworthiness

Washington, D.C. Date 7/20/&t

Technical Standard Order

Subie€et: Gas Turbi ne Auxiliary Fewer Units

(a) _Applicability

Mbnimm Perfomeance $tandard. This Technical Standard O der (T¥9)
presanikes the kiimon per T or nance standard which gas turbine auxiliary power
units (APUs) must meet in order to bte identified with this £Q marking. Kew
models of elas turbine auxiliary power units that are to be so identified and
which are kamuffactured on or after the date of the T80 nmust neet the
requirenents of Appendix 1, Federal Aviation Administration Standard for Gas
Tur bi ne Auxiliary Power Units, of this TSO0.

(b) Markimgy. Faeh &HU mustbe Leaiiblly and per manent|y narked ea a
fireproof Tdentification plate with the follow ng information:

(1) Name and address of the manufacturer.
(2) Part number, serial nunmber, and mddlel 8e&idedt ioh.
(3) Maxi mumal | owabl e dry weight to the nearest poumd,
(4) Appl i cabl e TeE mutber (TOXC723).
(5) Fssential or nonessential category of service for Whidh approved.
(8) Fueh type and specification.
(7) Lubricating oil type and specification.
(c) Dat a Requiirementtss. The manuf act urer maet f urni sh the felhowing

techriical) dafa To the Chief of the Aircraft Bogimsstirgy Office in the tédion of
the Federal Aviation Admnistration in which the manufacturer is |ocated:

( 1) One or mere meamwals containing i nstructions fot the i nstal | ation,
operation, &eqiicing, mdintésaae, repair, and overhaul of the ARb.

(2)) Mdell specifications containingthe fol | ow ng i fsfaat06n:

i. Manufacturer's name and addr ess.
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ii. Partnunber, serial nfikssr,, and mndell designation.

iii. Essentialor nonessential category of service for @i
approved.

iv. Maximumal | owabl e dry weipht to t he nearest pound.

v. The fol | ow ng performnce information &f limitations at
standard sea | evel atnospheric oomditimnss:

(A) Rated output shaft power (if applicable).
(B) Ratedeutput shaft sped (if applicable).

(C) Meximamturbine inlet or exhaust gas tempemiture at
rated output.

(D) Maxitmmal | owabl e speed.

(E) Maximum al | owabl e turbine inlet or exhaust gas
temwedture.

(F  Rridmum campressor bl eed air flow (i f appilicable)).

(G) Minimum sapressor bleed air pressure ratio (if
applicable).

(H)Maximumf uel consunption at tated abfplit.

vi. The tenperature and speed control tol erances at rated
out put .

vii. The ARU operating envel ope including extreme attitude lifiits
and environmental corsiti t it t hr oughout Wiieh the Apy may be started and
operated for oissétricited periods of tine.

Cviii.  The meadmumtranslational jrotational, and asblimed
accelerations along all three mjor axes which the ARU, including aih of its
accessories and mbiit ivgy WoovEs s, | S oeablle of W t hst andi ng.

ix. The maximun duration of time the APU i s omsdtle of opeatativgy
without hazardous mal function %ea the oil systemis subjected to negative *g"

condi ti ons.

X. Maximum al Lowablle neat &nd surroundi ng anbiient
temperaturesand heat rej ection rates from amgoeaits Resre such bisits are
estahlished. If applicable, the type and |ocation of each thermeopple used to
meetinstal lation requirement omblingy tests nust be specified and a description

ofanmbi ent tegeabtir® Sensi Ng provi Si 0Ns must be praowviidied..
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Xi. Maxinmum loads, including shear, axial, and everhang iohdnt,
that the air inlet duct attachment ptowss s are capabl e of w t hstandi ng.

xii. The followng inlet air specifications:
A) Maximuminlet air pressure drop per pxeapgrph 6.4.3.

(

(B) Distortion limts across the APWinlet.

(€) Effect of inlet air pressure drop on rated power.
(

D) Pr %\/i sions for pebesdtiom agai nst i ngestion of foreign
obj ect s.

xiii. The followng lubrication systen specifications:

(A) Typen grade, ad specification of oil.

(B) Mazdmum oil eotxeumpiion r at e.

(€) Maximum inletoi | tenperature.

(D)Minimumi nl et oi | pessture (if applicable).

(E) Inlet oil flowrate (if applicable).

() Thetype and degree of oil filtering necessary for

Carticis in the of| (i1 appl oanle) o e Foreigh

(6) Usable oil capacity.

(H) Maxi m heat rejection rate.

(1) Maximum oil system outlet pressure (if applicable).
(3) O | presssurel imts Bor noymdll and | dl e epeatatiom
(

K)) 1bbr Dedt iom syst em SEpeCi fications for componenits not
supplied with the AH?.

(L) QJeratin?Iirdtationsfor integral oil eooling (if
applicable).

xiv. The follow ng fuel system specifications:
(A) e, grade, a specification of fuell.
(B) M ni mum inlet fuel pressure.

(C) Maximum and minimum inlet f uel temppiatiiess.
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®) Inlet fuel flow rate.

(&) The type and deﬁree of fuel filtering necessary for
protection of the APU fuel system against foreign
particles in the f uel .

(F) Met hod of preventing filter icing (if appilicable)).

xv. ‘re maxi num exhaust system back pressure and the effect on
power output of variations in back pressure.

xvi. Maxi numl oads, including sheatl, axi al , areh oeéitamg mwett,
that the exhaust at t achment provi sions are capable of wthstanding.

xvii. The output shaft configﬁl;ration, direction of shaft rotation,
and madimumal | owabl e exkearthang moment For t he mai n power out put pad (if
applicable).

xviii. Midimun Leadsr, imeludimgShear, axial, #mi oxerhang robent,,
that the epmessar bleed air attachment provi sl ons are capable of wikistamdiimg
(ifappl i cable).

xix. The fellnkying accessory drive specifications:
(A) Configurationof dri ve shaft and nurititgy pad.
(8) Direction of drive shaft rotation.
(C) Maxiirom static torque.
(D) Rated torque.
(E)) Ratioof accessory drive shaft Rt to power turbine
R,
(F)Maxi num oesftadig motent t he roRiting pad | s capabl e of

withstanding.

. . xx. Detail ed &sserjtiiom of attachments far APU i tokiing
i nstrunentati on.

XXI. Informatior)re?ardi Ng accessories or expitrols neeessary for
progex epeatitimn of the AEB i ncl udi ng t he mokddl desi gnati on or fark r, and
cal rbration or setting na%e¢rs of each accessory or ombtsdl,, sueh as the fuel
eontrell, igniter system and safety devices.

xxii. Maxi mumesiducte® and r adi at ed el ectroni ¢ and fiagnettie

interference 3enerat ed by the ARD throughout its normal eperaitiiigy range and t he
procedure used to determne the ambunt of interference generated.
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xxiii. Aninstallation drawing of the Apu which identifies its three
maj or axes and the maximum di spl acement 1n each direction, or conbiined
di splacements, under Wtiieh t he #pU Wi | | meek t he operating ehattfieristiies
requirements of paragraph 5.5, Appendi x 1, of this TSO.

' xxiv. Characteristics of the APU compressor bl eed air and the
maxi mumanount of cobrtaninatien i n t he compresswr bl eed air.

xxv. Citical frequencies and anplitudes determned in accordance
with the vibration requirenents of paragraph 6.19, Bpbhdix 1, of this TSO.

. xxvi. Life ek creep growmh limts ek both, of comgpoesits,
determned in accordance with the ru%ts%re and fatigue requirements of
paragraph 6.20, Appendix1, of this .

xxvii. Trajectory envel opes and ener(?y level s of unemrtaired rot or
fragments resultina fromthe rotor emitairmemt demonstration requirements of

paragram 7.10, Appendix 1, of this 1S0.

xxviii. Installation restrictions determned to be neessairy ua t he
basis of the degree of conpliance with the ice protection demmsdtrradtion
requi rement of paragraph 7.14t, Appendix 1} of this 0O (if applicable).

x xix. Installation provisions determned to be necessary e the
basis of the degree of oomeliiaress With the foreign object ingestion
denonstrat i oreésh fsrenits @f par agraph 7.12, Appendiix 1, of thi s Tsa.

. XXX,  Limiitafti ons ea Apu windm |ling and capabilities of
ant iretat i on devices provided under paragraph 6.22, Appendi x 1, of this Tsa.

i s T80 xxxii. Calibration data obtained under paggasmh 7.2, Apehdi 1, of
i s T8Q.

_ xxxiii. Cther information and limtations as specifically required by
thi s TSCL

(3) One gy of the Qualification Test Régssrts.

(d) Data to be Furnished Wth Manufactured Units. A copy of the
information specified in paragraphs (c)(l) and (¢)(2) must ¥ furni shed & each
person receiving for use one or fidre manuf actured under this os6.

(e) Previously Approved Egquipmenit. ARD equiipment epprowed pri or to the
date of thrs TSO nay emitivue {0 be manuf acturqu under thefproeismof its

original approval,

M. C.
Director of Airworthiness
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Appendi x 1

ARREMCDIX o FEDERAL AVI ATl ON ADMINISSTRATION STAMDARD FORGS
PURENNE AUXILIARY PORHR UNUTS

1.0 Purpose. mfiis docunent provides mninmum design and performance standards
for gas turbine auxiliary power units (A¥8g) i ntended for use as pawet sources
for driving generators, hydraulic wasps, and other aircraft accessories and
equiipmenit ort 0 provi de oomswssed ai r for aircraft poeumstie systens.

2.0 scope. Ths standard awess the folllowingy cat egories of gas turbine
auxilrary power units:

Category I - Essential APU
Category Il - Nonessential APU

3.0lnstallation. This standard does mdt spedify ARU instal [ ation standards.
Howewers, The standard specifies requirenents for the establishment of APU
installation limitations relating to ABUJ per f or mance and desi gn.

4.@ Definitions. THefollbwwiimsaredefinitions of terms applicable to the
standard ¢

4.1 Accessory drives. Any drive shaft ox utility mounting pad, furnished
as a part of the auxiTiary power unit, that is used for the extraction of wower
todrive accessories, conponents) or controlls essential to the epeaabtiomn of the
awiilia@g powsr unitor any of its associated systens.

4.2 Auxiliary Powet Unit (APU).. Any gas turbine-powered unit delivering
rotatiing shaftpower, oampessar air, or both which is ndt intended for direct
prophlsiem of an aircraft.

4.3Blade. Anenergy transformng el enent of the ovppessar ot turbine
rot ors whether integral or attached desi gn.

4.4 &mpressor air. Conpressed air that is provided by the APU to do wrkk
whether it I's extractedor bled fromany point of the compeesar section of the
gas turbine engine oa produced from a comresssor dr i ven by the ARL

4.5 Containment. Retention within the A/of alll high energy rotor
fragments resulting fromthe failure of a high energy rotor.

4.6 Critical rotor stage. The eppesssr and t urbi ne st ages khosé rotors
have the smalllest margin of safety under the conditions of speed and
t enperat ure shown in paragraph 7.10, Appendi x 1, of this Tsa.

- 4.7 Denonstrate. Tb prove by fgsical test under t he asfdit e speciiffiied
in this standard.

4.8 Essential APU. An Apu which prodlicess bl eed ai r and/ or powet td drive
accessories necessary for the dispatch of the aircraft w maintain safe
aircraft operation.
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ii. Partnumber, serial hyimbker, ali motdl desi gnati on.

iii. Essential or nonessential category of serviee for whieh
approved.

iv. Maximum al |l owabl e dry weight tb the nearest pound.

The fol | owi ng performance information aed limitations at
standardseal evel atehberic ooxdi tions:

(A) Rated output shaft power (if epbliakbby).
(B) Rated atgut shaft speed (if applicable).

(C) Maxiimusm turbine inlet or exhaust gas tenperature at
rated output.

(D) Meximom allowable speed.

(E)) Maxi num al | owabl e turbine inlet or exhaust gas
temperature..

(F)Mini mum compressot bl eed air flow (if applicable).

(G)Mlnlmumcﬁﬂptem:* bl eed air pressure ratio (if
applicable),

(H) Maxi mumfuel ewpesiption at rated &hppit.

vi. The tenperature and speed control tol erances at rated
out put .

vii. The AHD operating envelope including extrene attitude 1ifiity
and environnental ebhditimss throughout which the Apu nay be started and
operated for unrestricted periods of tinme.

viii. The mérdarum transl ational jrotational, and emidiired
accel erations al ong alll three nmajor axes which the AR, including all of its
accessories and niurit itey ooV Ss s, | S ogaaile of wit hstandi ng.

iX. The mexdmum duration of time the APUI S xapebie of cpertibivg
mtﬂhﬂout hazar dous iaf fiaedti on &esn t he oi | system i s subj ected to napdtiive “g*
oond 1 t oorss .

x. Maximumal | onabl e conponent #&nd surroundi ng abient
tenperatures and heat rejection rates from omppaments where such Lifits are
established. |f eppldabbks, the type and | ocation of each thepmwuoppre used 13
met installation requitement oodling t ests nust be specified anda description
of anbi ent tenperature sensing poovis s nust be Provided.
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Appead@ 1
5.0 Gener al Reouiiresmsniss.

5.0 Materials and Prasesses. The suitability of the materials and
processes andthe durabiTity of the materials used in manufacturing the APu
nust be established by tests or emthe badis of experience or both. Each
material and process nust eonfetm to aPproved specifications (such as industry
or military specifications} ortechnical standards) to ensure that the strength
and ot her properties assute® i n the design data are valid.

- 5.2 Accessibility. Parts of the ARY requiri ng'tputtiime service d&fdkilﬂg,
adijustett, or repl acenent nust be made readi |y accessiible for servicing
W t Hout teandiown of the unit or removal of any nmj or part, oopoosait, or
accessory .

Se3 Extreme At tit ude opartatdon. |t muxt be dermonstrated that the ABU i s
capable of functioning satisfactorilyoverits full range of erett
conditions, upto and inecludiirey rated output, within the attitude limts
specified by the manufacturer in the Mti=l speci fi cati ons.

5¢4 Blectnomrasmetic Interference. The mXxJiiifdn coicétedd and r adi at ed
el ectromagnetic interference which may be generated by the APU during any
nor mal continuous operation mast be subst antiated by tests and specified in the
nodel specifications .

5.5 opesdiiing Characteristics. the overall range of APYJ operation and
envi ronmental eoAditiens for whichapproval is requested madt be specified in
the M4l specifications. These include the starting and eperta'tnﬁg envel opes
wi t hi n which the ARG car! ke started and oper ated without detrinental effects
(such as stall, surge, or fhame-euft),. ‘e starting and operating envel opes for
essential AFUs mast'be substantiated by tests or an anighbsit anal ysis.

e ef fects cf inlet temperature, air bl eed, exhaust back pesssuned, inl et
pressure recovery, and ran pressure ratio upeh performance parameters suth as
t.p.m. pawer output, airflow, fuel f| ow, exhaust gas tenperature, and pressure
rat1 o shall be provided fcr the getat ing envelope.

5¢6 Fl i ght Maneuver loade. The applicantmastsel ect and substantiate the
maximum translational, rotational, and esnbimed accel erations in &1 three
maj or axes whi ch the ARY, includingmalmﬁtiinég provisions and all accessories, is
capable of w thstanding without permanent deformation, failure, or inpairnent
O Qperation. The accelerations mustbe specified in the ibdel spedifiabtdnss.

5.7 opaxtidon Ruring Fegattive "g* Condi ti ons. The maxi num dur ati on of
time during which the Apu can egeadt® W thout hazardous nal function duting
negative “g" eonditions fiust be specified in the nedel specifications. The
duration may mothe |ess than 5 seconds.

6.0 besiign and Constructi on.

6ell Gemexsfl. TH2 A\Maynothave design features ek details &hidh are
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hazardous or unreliable. The suitability of all design features aei parts mgit
be established by tests, experience, oranalysis. Al parts of the nust be
constructed, arranged, and installed so as to ensure their eontiimued safe
operation between normal inspections and overhauls. The APU nust have
provisions for electrical bonding to the aircraft.

~ 6.2s3ffety Analysis. Afailure analysis mast be made tB show that nd
single farTure or malfunction or probabl e ebmbivedtiien of failuresinany
critical systemof the ABU W || result in aa unsafe ebmditiwh.

6.3 Fire Prevention. Thedesignandabséttigitiion of the APU and materials
used mmst D€ SuCh as to mnimze the probability of the occurrence and spread
of fire because ofstructural failure, over heati ng, |eaki ng flanmable f| uids,
or other causes. | n abditior-

(@) Eachline, fitting, and external eoon@@ment, including fluid
shut of f val ves eattyiitg £l 1@ fluids, nust be fireresistant; afd

- (b) Each line, fitting, antt external svgerett carryi ng flanimbie
fluid in an areasubject to fire extiitions mumwt be | ocated, shielded, or
shrouded t o safeguard againstt he ignition of any |eaking flanmable fl uid.

6.4 Ar Intake

6e4all Ice Protection. Foressential ARU%, the air intake passaqges
Wi thin the AR2 nust be designed andansstrieited to prevent the accunul ation of
ice in quantities sufficient to cause malfunctioning of the ABY during
operation throughoutits operating range within the 1cing envel opes specified.
in Appendix C of Part 25 of the Federal Aviation Regul ations. e degree of ice
protection capability nust be demesnstrated as specified in paragraph 7.14 of
this stlandamﬂ. For nonessential APRUx, oon@laace W th paragraph 7.1mis
optional.

6e4.2 Shrouding of Li nes, Flammablle f|uid carryi ng lines, fittings,
or camponments | ocaied in The air Tntake within the ABUJ nust be protected by
shrouds so that|eakage fromthe lines, fittings, or oxmppdesits cannot enter
(tjhe I nt ake airstresm. Shrouds medt have proxisiorsfor attachisg ext er nal
rains,

6.4.3Inlet Air Pressure Drop. The effect of inlet air pessure drop
and inl et blockage an APU operation mastke substantiated. Inlet distortion
limts mstbe |isted in the ABY nodel specification.

6.4.4 Forei gn Obj ect Ingestiiem. Pot essential ABUs, the degree of
foreign object ingestion capabiTity nust be established as specified under
paragraph 7.12 of this standard. Fbt nonessential APlls, eqmplifeance with
paragraph 7.12 isoptional .

6.5 Lubrication System. The |ubrication systemplst function satis-
factorily at alT the APUoperating attitudes &hebifesl i n paragraph 5.3 and
t hr oughout the operating envelope-established in accor dance w th paragraph 5.5
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of this standard. theapplicantmxdt specify the approved engine | ubricant in
the fdell specifications. The [ubrication system, when furnished as part of the
AK?, nust have the follow ng:

6.5.00 | Drains. There fiist be at | east meaccessibledrain that
ailews a safe drarnage of the oil systemand has manual 6F automatic means for
positive locking in the closed position.

6.5.20 | Filters. ff there is a filter in the ARPU |ubrication
s%/st em thrawh khidh alll The oi | fliows, it mEdt be asdstrueted ahb i nstal |l ed so
that oil gy fdiow at anacceptablerate through the rest of the systemwth the
filter el ement ewmdletelly bl ocked. A means mmtt be provided to indicate when
this filter is being bypassed.

~ 6.5.301 Tank. The 6il tank or integral oil sump must have the
folhowing features:

(a) The oiltankandits supports mast be fireproof.

(b) M expansionspace of not | ess than 10 percent of the
total tank capacity must be provided.

(&) Thetankfiller most be s» | ocated that the expansion
space cannot be inadvertently filled when the APUi s servi ced at the el
ground attitude.

(d) b vent fref the toppart of the expansion space mst be
provided. The venting provided must be ef f ecti ve throughout the range of
extreme attitudes specifiedi n papggaph 5.3 and throughout t he operating
envel ope established in accordance wth paragraph 5.5 of this standard. The
vent must be sized to aceammédate themaxi num anticipated rates of asssmt and
descent in flight.

_ (&) Reovidion masthe made to ensure adequate oil flow during
operation when the oil systeft i S subjected to a negative "§" ewddiitiiem for a
S-secondi nt erval .

o (f) w oi | tank nust be capable of withstanding the .
application of a differential pressure of at |east 5 psi nore than the mesimam
differential pressure which mght be encountered during operations throughout
the nowmall operat | n?.envel ope established in accordance with par agrarph 5.5 and
unde& tdhe maxi num flight maneuver |oads specified in paragraph 5.6 of this
standar d.

o taﬁS(g)) Suitable fieans must be provided for determning the |evel
o oil inthe tten the ABB i s in the nomwdl ground attit ude.

(R) A means to prevent entrance into the tank or the tank

outlet of any object that mght obstruct the flow of oil through the system
nust be provided. The tank outlet may not be enclosed by any screen or guard
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that worhddl reduce the flow of oil below a safe value at any operating
t evapeatatin e

6.6 Fuel %[stem The fuel specification, rate, pressure,and tenperature
ramghe of Tuel fTow fo the inlet of the ARy fuel systemand the degree of
filtration necessary for satisfactory unit functioning mett be established and
listed in the mdel specifications.

6.7 Fuell mai ns. Adrain nust be provided in the APU to prevent
accunul afTon offuelin the event of afalse start. The conbusti on &wamber
drain and any other drains in the fuel system mmit have fittings suitable for
connecting to overboard drainlines.

6.8 Fuel SystemMterials. Al materials used in the fuel systemmstbe
sufficienfTy resistant To fuel's approved for use in the APU to permt
- continuous normal operation of the fuel syst em and ts t hroughout the
overall range of APU operation andenvironment al eenditions established in
acmrdinee with parageaph 5.5 of this standard.

6.9 Exhaust Sysfem. The exhaust system 0f the APU must be desi gned and
constructed so as to prevent |eakage of exhaust gases into the aircraft. The
maximum per m ssi bl e shear} axiall oads, and momdnss that nay be applied t» the
exhaustconnection of the unit mstbe specified in the nodell specifications.
In addition, the following apply:

6.9.1 The mrU nust imeGRiraite suitabl e means for the aomesitien of
exhaustducts (if ny).

6.9 2Fkhawst pi pi Ng nust be omsstrietted of fireproof materials that
are heat and eottesiion resist& and must incorporate provisions to prevent
failure due to expansionwhen heatedt 0 epeatatirg tenperatures.

6.9.3 The changes of output power t hat resullt from exhaust back
pressure musthe speecifiéd if t he mbdell specifications.

6 JO Coolli%‘ . bpertat gy tenperature | imts musthe established for those
components which require tenperature edntitoéll provisions to ensure satisfactory
functi oni ng, reliabilit%/, and durability. These limts, together with the heat
rejection rates, mustbe specified in theméél Spediftattdmss.

6.0 Instrumentation. The ABU musthave provisions for attaching a means
for measuri ng turbine inlet or exhaust gas tenperature, a i ndi cator for
each independent roter assembly, and the sensing el ements of all other
instrunentation necessary for operation of the unit. These provisions nust be
specified in the il specifications.

6.12 prive Attachnments. Each accessory drive and moahtivg at t achment mest
be desi gned and coaétrieded 86 that the APU wi || operate Properly with the
accessories attached. The AN)must have provisions for the exam nation and
renoval of all accessories. For output drives, |imting esoditiwss of torgue,
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speed, direction of rotation, shear and axial |oads, and everhang manent nust be
determined and substantiated. These condiitiients, with a description of the type
of pad and drive, nust ke specifiedin the nodel speciiffiicsit ion.

6.13 megeattuire Ceonitrell. Each Apu nust be provided with automatic
tenperature devices which will control tenperatures within the limts specified
in the m&#&l specifications and mist provide forasi gnal to akibakble
monitoring devices. The tenperature eontirell mmst prevent themaxi mum allowable
t enper at ur e frem bei ng exceeded under the epextiiivg oonditiimns specified in the
nodel specifications.'

6.14 fpash and Acceleration Controls. The sceedanitmll systemand
accel eratron control system mst maintain the ABU speed and acceleration within
the limts specified in the medel specifications and mmdt provi de for a signal
to applicable monitoring devices. The speed nust be aut omati cal I%/ oontrollled
to prevent the masbiwin al | onabl e speed from being exceeded under fhe eperiat frgy
condi tions specified i n the mextlel specifications.

6.15 Safety Devices. If safety devices are i ncorporated to prevent a
hazar dous overspeed or evertepeabtioe antdit iwh) means misst be provided for
ascertaining fromthe control panel, on the ground or during neannall flight
operation, thatthesedevices are functioning properly.

6.16 Aiitshatic Shut down.  For essential ARUs, if an automatic shut down
feature is provided, only M#J overspeed must be used to initiate an autonatic
shutdown.  For nonessential ABUs, automatic shutdown nmay be initiated by
overspeed or other failure conditions.

6.17 Rikor or Rbtr Bl ade Failure Containment. Both essential and
nonessential APUs medt be designed for ap@lmm with the special test
requi rements specified in paragraph 7.7 ot this standard to eontaim either:

6.17.5 Maxi mumKki net i c epescay fragment s fromestpressesr and t ur bi ne
rotor failures, or

. 6.17..2 Wol e vanes fromradial flowrotors unless failure ofsnallier
portions o?f these vanes is substantiated to be the |argest portions likely to
occur, an

. 6.17.3 Entire airfoil sections of bl ades of exdueers, i nducers, and
axial flowrotors,

6.18 Mountt Loads. The maximum Static and dynam ¢ |oads, including those
that result froman inbahamee under a failed blade enfailed rotor condition;
andthe vibration anplitudes and frequencies whieh eoulld ke transnitted by the
AR} fram t he nounting points to the airframe through the moumel oysaadtiive range
oft he ARUmist lve determ ned. Critical gipliteties and frequencies and
static and dynam c | oads which can be generated and absorbed by the APO mist be
specified in the mbdel specifications.-

Page 7



TSO-e77a
Appendi x 1

6.19 Vibration Stresses in Hghly Stressed Conponents. ft nust be .
denonstrat'ed by neasurenents under operating oenditi@is up to the decl ared inl et
air distortion limits, or by equal |y reli abl e méttasis, t hat the conpressar,,

t ur bi ne, and other hi%hly stressed parts are free from vi bration stresses that
coul d be harnful to these parts and ot her oEpgpReshss.

6.20 Stress Rupture and Start/Stop Cycle Fatigue. Thestressrupture and
start/stop Cycle Tall que chexaeristies nmust De substantiated forthecritical
stages of APUrotor aksafihliss edmylyfrgy W th paragraph7.9.Cyclicarhour |y
life limts and/orcreep growth limits, | f applicable, of motatimgoonponenits
must be established. These limits must be specified in t he tisgel:
speci fications.

6.21 Bl eed Air Provisions. Apus Wi th peovsdiaiss for the extraction of
compressor bleed air mast incorporate suitable fittings for the oomesition of
bleed air ducts. Thebaracteristiesof the conpressor bl eed air, the maxi mum
amount of contamimation in the compressor bl eed ai r, and the maxi num pefmisdinle
shear and axial load and maments thicih may be applied to the bl eed air
connection mst be speckikt in the modell specifications.

6.22 Control of Uit Rotation. Any limitationsean ABU windmlling in
ei t her direction mast be specified i n t he bl specifications. Any
antirotation device must be substantiated and listed in the model
specificat ions.

6.23 Ignition System mhe ignition systemof the APU must provide
satisfactory ignition during starting and rest arti ng t hroughout the full range
of renditions specified in the fdblSspéfi€tiamms.

7.0 Tests.

- 7.1 Block Tests. Acomprite APUmustbe subjected to the tests specified
in:

7.1.21 Paragraphs 7.2 through 7.6 of #is standardt o be qualified as
an essential ARL

7.1.2 Faragraph 7.2 of this standardt o be qualified as as
nonessential APL?.

7.2 UnitCal i bration. The A%powerand/ or bl eed air Baspstest it xs
and (for essential APUB) the tenditions for the endurance test specified in
paragraph 7.3 of this standard muet be established by calibration tests. The
dat a obtai ned fuasnt he cal i bration tests muskt be presented ifi t he misfel
specifications in the formof eueves of output shaft pswer, output shaft
torque, out put shaft speed | fuel flow, ocompsessor bleed air flow, conpressor
bl eed air temperature and pressure versus turbine inlet & exhaust gas
t enperature andturbine speed.
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7.3 Endurance Test. The APU must successful |y esmgilete t he 150-hout
endur ance test péa_@ﬁf_mﬂa inthis paragraph. Upon oompletion of this test, there
mustnotBe any indication of inpending failure or excessive wear in any of the
Aput's maj or eompohestts. The whilt msdt be functioning properly and be in a
condition that 1t can ke overhaul ed without replacement of major oppooeebtss.
The speed and gas tenperature amitadl devi ces must naintain these paraneters
within the tolerances specified in the mbdell specifications dueing the rated
output portions of this test:

7.3.1 Test Periods. Twenty periods of seven and one-hal f hours each
must be run using_the folTowng schedule. Rated output as used in this
par agr aph means ksirimamoutputof shaft power and 6Gmpressor bl eed air for
whi ch approval is sowht.

(a) Five ninutes at or above rated output, 5 mnutes at hb |oad,
1 hour ator above rated output, and5 mnutes at hB | oad.

(b)Fi ve minutesator above rated output, 5 minutes at mml oad,
1 hour at 75 percent rated output } and5 m nutes at no | oad.

(¢) Five mnutes atoraboverated output, 5 mnutes at mnload,
1 hour at or above rated output, and 5 m nutes at no | oad.

(d)Fi ve minutesatoraboverated output, 5 mnutes at nd | oad,
1 hour at 50percentrated output,and5 mnutes at e | oad.

(e) Five minutesat or above rated output, 5 minutes at # | oad,
1 hour at or above rated output} and5 mnutes at no | oad.

(£) Five minutes at or above rated output, 5 mnutes at t& |oad,
1 hour at 25percent rated output,and5 m nutes at m3 | oad.

7.3.2 Test Conditions. The follow ng tenditions must be observed
during the endurance test:

(a) Speed. Thespeedofeach rotor may roet be | ess than the
rated speed during t_%e tatte® out put pottims of the tests. No specific rotor
speed need be maintained during other portions of the endurance test.

. (b) Tomeraturess. The temperature |inits specifiedinthe hddel
specifications,” 1ncluding theratedturbine inlet 6F exhaust gas tenperature
and oil tenperature, nust be substantiated by maintaining the tenperatures of

the affected coogpenents at or above these limts during alll rated out put
portions of the endurance test. The tenperature of the inlet air my be

controlled to match the turbine tenperature, speed, andpwasr out put to avoid
exceedi ng tenperature, speed, or power |imts during this test.

(¢) Pressures. The mnimumoil and fuel pressures specified in
the nodel specifications mustbe maintain& during all rated output portions of
the endurance test.
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(d) Quitpuit Drives. Each outputdrive must be subjected during
the endurance test To The maxi mumpower andover hang ssefit | oadi ng optrpabiibie
with the |oads specified in paragraph 7.3.h of this standard. These [ oadings
mustbe [isted in the sbadl specifications.

7.3.3 Adj ust ment s and Repair or Replasewsrit of Parts. During the
endurance test, repair and replacement of mnor parts or Infrequent adjustnents
not requiring disassembly of major parts may be made. Major parts may not be
repaired or replaced during the endurance test.

7¢4 Starts. At least 100 starts mxt be made. A mnimumof 2 hours
shutdown nust precede each of at |east 25 of the starts.

- 7.5 Recalibration. Afteroox@sdtioonof the endurance test in accordance
W th ﬁaﬁggmgim 7.3, arecalibration test most be made as specifi‘ed in para-
graph 7.2 of this standard. bdring this recalibration test, the ABY output may

not be | ess than 95 percent of the output and the fuel anmssumgitiion rate nay not
exceed 105 per cent of that obtained duringthe first calibration test.

7.6 Wardbwn Inspection. After conpleting the recalibration test, the ABY
must be canfletely disassetiléd, a detailed i nspection nmust be made of each
part, and critical dimensions nust be reinspected. Conponents found to have
excessive fatigue and wear rinst be redesigned and t est ed.

7.7 Sprecial Tests. Essential andnonessential APUs fust neet either the
limting device functional test reukiwsmits specified in par a%r aph 7.8, the
rotor assenily integrity test specified in papsraph 7.9, and the rotor bl ade
contai nnent requirements specified in paragraph- 7.30 of this standard, or the
rotor containment requirenments specified in paragraph 7.10. Essential Agps nust
al so meet the ice protection testrequirements specified in paragraph 7.11 and
the forei;gn obj ect inaestimtestrequitefeats specified in v 7.12.

7.8 Functional Test of Limting Devices. |f speed ex tenperature limting
devi ces ‘or both are provided, theARImustbeOper at ed in sueh a nmanner that
each limting device is madeto function 10tines. Each device nust limt the
speed or temperaturet 0 notfiBre t han the val ues specified in the bl
specifications each of the 10 times it is made to function.

7.9 Rbtar Assenbly Integrity Test. The overspeed and overtenperature
capabi | i tTes ofthecritical stages of estpressor and turbine rotor assefilies
nust be substantiated by conplying with the follow ng:

. 7.9.10 Overspeed Test. wihe overstress margin for oomsesser and
turbine rotors mist be substantiated to be adequate to withstand epexhtimm for
5 mnutes at the rotational whichis the highest of the speeds specified
| n paragtaphs 7.9.1¢a)t hrough 7.9.1¢c) of this standard whille at the turbine
inlet or exhaust gas tenperature &hich wolld prevai |l during eperiat s under t he
faul t eonditions of paragraphs 7.9.1¢t) or (¢) of this standard.

(a) Aspeed equalto 115 percent of the rated speed.
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(B) |1f safety devices are incorporated, a speed of mit less
than 105 ﬁercent of the highest speedwhich wodld result fiwom failureof any
one of the nommal engi ne emitrall syst ens.

_ (e) If safety devices are not incorporated, a spesh equal to
t he hi ghest speed whi ch widld resul t fizom the failure of any one of the nommal
engi ne oobtrmll syst ens.

7.9.2 Ovettenpetaituire Test. The owerstress margin for the turbine
rotors must be substantiat ed to be adequate to withstand operation, for not
lesst han 5 Rinutes, at a turbine inlet ot exhaust gastemperature of not less
than 75 degrees F. (42 degrees C€.) higher than the ratedturbine inlet 6
exhaust gas tenperature, %hile at tot | ess than rated speed. If the critical
over speed vendittion i S aceaganid by a turbine inlet or exhaust gas tenperature
of at |east 75 degrees F. (42 degrees C,) treatek than the rated turbine inl et
or exhaust gas t enper at ure; both the oxee el and overtenperature capabilities
may be substantiated sinultaneously. If the critical overspeed atmditiam is
aceoripanied by a turbine inlet or exhaust gas tenperature lessthan 75 degrees
F. (42 degrees €. ) greaterthag the rated turbine inlet or exhaust gas
tenperature; the overspeed andevettenperaituire capabilities madt be
substantiated separately.

7.9.3 meetiodt f Or Conductiina Déssaeed and Overtenperatture Tests. The
overspeed and overtenperature tests keguired by paragraphs 7.9.7and 7.9.2 of
this standard mastbeacmorpliskieeiby testing a egipeéte APL

7.10 R@tor or Rddawr Bl ade Cont ai nnent Demtsstpation. MO rotor or rotor
bl ade contarnment capability nust Be demonstrated for the critical stages under
thefol | ow ng oot osss:

. 7.10.3 speed. Containment most ke demonstrated at the maxi num
obt ai nabl e speed defined by subparagraphs a andb.

_ a. |If safety devices are incorporated, a speed equal to the
hi ghest speed which wbilld result fromfailure of any ne of the nprmal engine
control systens.

_ b . If.msafety devices are incorporated, a speed equal to
the highest speed wHich woibld result fromthe failure of any me of the mrmal
engi ne aotl syst ens.

7.10.2Tenperature. The ombeaining ts at a tenperature mit
| ower than the tegeeadture duri ng eperation of the ARD at rated output.

Parts attached adj acent teé t he rotot casi ng may be ctétiitres for BihEain iy
rotor fragments. [If the eorisimment denonstration dees ot result in

contai nnent of all rotor _fragmemitss, i nf ormati on on trajectory envelopes and
energ%/.levells of the uncoteaires rot or fragments must be providedin the model
speci fications.
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7.11 | ce Protection Dembséteétidh. For essential ABUs, the capability of
the A®0 toneet the requirements of the icing renditions specified in Appendix
CofPart 25 of the Federal Aviation Regulations mst be demonstrated as
specified in paragraph 6.4.1 of this standard. Any restrictions found to be
necessary as a result ofexposure to these icing conditimns mast be stated in
the modell specifications insuch a manner that they can be followed during ARU
installation.

7.12 Foreign Objects Ingestion Beamunstratiiop. Rx essential APUs, the
effects on ARU functioning and performance from mgestimn of hazardous
quantities of foreign matter sucﬁ as water, ice, sand, gravel, and other hard
objects mst be establ i shed by testimg a complete APU. Any provisions found tB
be necessary for adequate protection againsit ingestiom of foreign objects nust
be stated in the Mal specifications in such a-manner that they ean be
follLloweddutting Apu i nst al | ati on.
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1. Since the issuance of the revision to TSO-C77, it has been brought
attention of the FAA that TSO-C77a has no provision to allow an applican
‘proceed with the design and approval under the old standard (TSO-C77) even
though the applicant has already submitted his application to the FAA stating
his intent to meet the standard which was in effect on the date of the -
application. The FAA recognizes that some relief needs to be provided to cover
this situation to allow a manufacturer to meet his contractural cbligations
without imposing additional economic burden resulting from changes to the TSO.
In this case, the FAA approval can be based on the ald standard if the gpproval
date does not exceed a 3-year period fram the date of spplication. Therefore,
a new paragraph (f) should be added as follows:

T(f) Pending Appllications

An application for an AFU approval, which is pending on tne effective date of
this TSO, may continue to be processed under the terms of the spplication
provided that the approval date does mot exceed a 3-~year interval from the date
of application. This time interval mey be ajjusted if tnhe applicant can show
that his product requires a longer period of time for &sign. &velqnent,
testing.”

2. In przqm 6.5.2 of T®7a, entitled, "Ciil Filters,* it was tot the
intent of Pt limit this standmnd t oil filter &eHiprs that incorporate
a bypass feature. An AR oil filter wiithout a is &1so an acceptiatile
alternate design providbé that a wariig means is bedlddel to waen the flight
crew that the oil filter is Méotimioy blockl fram oontamination. Therefore,
parageaph 6.5.2 should ¥ changed to clarify the PAlPs intent ard pead as

-

g8

the
to .

(24

86.5.2 Oil Filters

There maat be a filter in the ApPU lubrication system tinoggh H&n& all of the
oil flows. In addiition:

(a) If the filter has a bypass, it must be constructed and installed so that
oil will flow at an acceptable rate through the rest of the system with the
filter element completely blocked.

(b) If the filter &feé ot have a bypesss, it must e provisions for a
warning means to warn the crew before the filter becomes contamindeed td the
extent that @il in the lubrication system does not f&ow at an aceepthisle rate.”






